Densities of sodium arsenite (NaAsO 2 ) aqueous solution with the molality varied from 0.19570 to 1.94236 mol·kg − 1 at temperature intervals of 5 K from 283.15 to 363.15 K and 101 ± 5 kPa were measured by a precise Anton Paar Digital vibrating-tube densimeter. Apparent molar volumes (V Φ ) and thermal expansion coefficient (α) were obtained on the basis of experimental data. e 3D diagram of apparent molar volume against temperature and molality and the diagram of thermal expansion coefficient against molality were generated. According to the Pitzer ion-interaction equation of the apparent molar volume model, the Pitzer singlesalt parameters (β (0)υ M,X , β (1)υ M,X , β (2)υ M,X , and C (υ) M,X , MX � NaAsO 2 ) and their temperature-dependent correlation F(i, p, T) � a 1 + a 2 ln (T/ 298.15) + a 3 (T − 298.15) + a 4 /(620 − T) + a 5 /(T − 227) (where T is temperature in Kelvin and a i are the correlation coefficients) for NaAsO 2 were obtained for the first time. e predictive apparent molar volumes agree well with the experimental values, and those results indicated that the single-salt parameters and the temperature-dependent formula are reliable.
Introduction
Arsenic (As) is a ubiquitously toxic, carcinogenic, and possibly teratogenic element [1, 2] , and the toxicity of arsenite (As III ) is 60 times higher than that of arsenate (As V ) in the environment [3] . Many studies show that arsenic as a carcinogenic agent poses a high risk to human health if it is released into the environment, typically arsenicosis, a serious disease mainly caused by As-contaminated drinking groundwater [4] [5] [6] [7] [8] . Apparent molar volume reveals the volume change in solution caused by changes of temperature, concentration, and pressure and further provides some basic understanding of the structure and ion interaction in aqueous solution [9] . Accurate acknowledge of the thermodynamic properties of arsenic plays a vital role in solving environmental geochemistry of arsenic pollution [10] .
As to arsenate compounds, the thermodynamic properties (ΔG 0 f , ΔH 0 f , S 0 , C 0 p , V 0 , and ω) of arsenate and arsenite aqueous systems were evaluated and the coefficients of the Helgeson-Kirkham-Flowers equations were revised [11] . Perfetti et al. measured the densities of arsenious and arsenic acid aqueous solution and obtained the standard partial molar volumes V 0 of the neutral aqueous As III and As V (oxy) hydroxide species [10] . Nordstrom et al. reviewed and updated thermodynamic data of arsenic minerals and aqueous species, focusing on internal consistency and the quality of the original measurements [12, 13] . Till now, the apparent molar volume properties on NaAsO 2 aqueous solution are not reported in the literature. In this paper, the densities of the binary system NaAsO 2 + H 2 O from 0.19570 to 1.94236 mol·kg − 1 at temperature from 283.15 to 363.15 K were measured. Apparent molar volumes and thermal expansion coefficients were obtained, and the Pitzer single-salt parameters and their temperature-dependent equation of NaAsO 2 were fitted on the basis of the Pitzer ion-interaction model for the first time.
Experimental
2.1. Reagents. NaAsO 2 was obtained, with an analytical grade of 0.99 in mass fraction. e chemical was recrystallized after filtration, washing, and drying at 35°C before use in the glove box filled with nitrogen (UNIlab Plus, MBraun, Germany). e purity of the recrystallized NaAsO 2 was 0.9950 in mass fraction, which was analyzed by inductively coupled plasma-mass (iCAP Q ICP-MS ermo Scientific, Massachusetts, USA) with an uncertainty of ±0.0063 in mass fraction, shown in Table 1 .
e characterization of the recrystallized NaAsO 2 by TG− DSC (Labsys, Setaram, France) is shown in Figure 1 , and the weight loss of the sample was 0.0205 in mass fraction between 298 and 473 K, which was basically due to no loss of water within the range of the measured temperature. Double deionized water (DDW) was produced by an ultrapure water machine (Ulupure Technologies Co. Ltd., China) with conductivity less than 1 × 10 − 4 S·m − 1 and pH � 6.60 at 25°C, and it was used during the whole experiment.
Apparatus and Method.
e stock solution was prepared with NaAsO 2 and fresh DDW in a glovebox filled with nitrogen by weight using a precision electronic balance (Mettler Toledo, Swiss) with an uncertainty of 0.2 mg. All other aqueous solutions were prepared by mass dilution from the stock solution with an uncertainty of 0.2 mmol·kg − 1 and stored in glass bottles at 4°C in the refrigerator.
Densities of sodium arsenite aqueous solution were measured by a precise Anton Paar Digital vibrating-tube densimeter (DMA4500, Anton Paar Co. Ltd., Austria), which was controlled within ±0.01 K by the automatically thermostat with an uncertainty of 1.4 mg·cm − 3 . Before the measurement, the apparatus was calibrated using dry air and fresh DDW at 293.15 K and 101 ± 5 kPa. Density of pure water was measured with 10 K intervals from 279.15 to 369.15 K, and the results agree well with the literature [14] , and the deviations between the experimental and reference data were within 0.003%, as shown in Table 2 . Densities of the NaAsO 2 aqueous solutions were measured with molality from 0.19570 to 1.94236 mol·kg − 1 at temperature intervals of 5 K from 283.15 to 363.15 K and atmospheric pressure.
Results and Discussion

Densities of NaAsO 2 Aqueous Solution.
e densities of NaAsO 2 aqueous solution were measured at different temperatures and molalities, and the results are listed in Table 3 . It was clearly seen that the densities of NaAsO 2 aqueous solution are decreased with increasing of temperature at constant molality. Nevertheless, at the same temperature, the density values of NaAsO 2 aqueous solution are increased indistinctively with the increasing of NaAsO 2 molality.
ermal Expansion Coefficient of NaAsO 2 Aqueous Solution.
ermal expansion coefficient of NaAsO 2 aqueous solution, α, was defined as follows [15] :
An empirical equation can be obtained at constant molality and pressure as follows:
where ρ is the density of NaAsO 2 aqueous solution, T is the absolute temperature in Kelvin, and A i are the empirical constants. e values of ρ obtained at different temperatures have been fitted by the least square method and are shown in 
Substituting equation (3) into equation (1), the thermal expansion coefficients of NaAsO 2 aqueous solution were calculated with various molalities at different temperatures. According to the calculated data, the relation of the thermal expansion coefficient and the molality at temperature intervals of 5 K from 283.15 to 363.15 K is plotted in Figure 2 . It can be seen that the thermal expansion coefficient for NaAsO 2 aqueous solution increased with the increasing of temperature at the constant molality. Also, with the increasing of molality, the thermal expansion coefficient increased obviously at T � 283.15 to 333.15 K, almost unchanged at T � 338.15 to 348.15 K, and decreased lightly at T � 353.15 to 363.15 K.
Apparent Molar Volume and Pitzer Parameter of NaAsO 2 .
e apparent molar volumes of NaAsO 2 aqueous solution were calculated using measured densities of pure water and the sample solutions by the following equation:
where m i is the molality (mol·kg − 1 ) of the solute in the aqueous solution, M i is the molar mass (kg·mol − 1 ) of the solute, and ρ w and ρ are the densities (g·cm − 3 ) of pure water and sample solution, respectively. e calculated apparent molar volumes of NaAsO 2 with an uncertainty of 0.0030 cm 3 ·mol − 1 are listed in Table 3 , and the 3D surfaces (m i , T, V Φ ) of apparent molar volume of NaAsO 2 versus temperature and molality are plotted in Figure 3 . e results indicate that apparent molar volume of NaAsO 2 universally increased with increasing temperature at low molality, and it foremost increased and then decreased with the increasing temperature at high molality.
Pitzer's electrolyte solution theory is based on the model of ion interaction and statistical mechanics. It can accurately express the thermodynamic properties of electrolyte aqueous solution. e apparent molar volumes of NaAsO 2 were calculated using the following Pitzer equation to construct the Pitzer model [16, 17] :
e relationship between B υ M,X (m) and ionic strength I of aqueous solution was employed as follows:
where m (mol·kg − 1 ) is the molality of NaAsO 2 aqueous solution, υ w is the volume of 1 kg pure water, V(m r ) is the volume of a certain solution of reference molality m r � 1.5 mol·kg − 1 containing 1 kg of water, n r � 1.5 mol is the moles number of this certain solution, A v is the Debye-Huckel limiting-law slope for the apparent molar volume, z M and z X are the charges of the cation and anion for NaAsO 2 (z M � 1, z X � 1), υ M and υ X are the stoichiometric numbers of M and X ions formed by stoichiometric dissociation of one molecule of MX, and υ � υ M + υ X , as for NaAsO 2 (υ M � 1, υ X � 1, υ � 2), α B1 � 1.4 kg 1/2 mol 1/2 , α B2 � 9.3 kg 1/2 mol 1/2 , b � 1.2 kg 1/2 mol − 1/2 , and I (mol·kg − 1 ) is the ionic strength of the aqueous solution calculated as (1/2)Σm i z i 2 , R (cm 3 ·MPa·K − 1 ·mol − 1 ) is the gas constant, and T is the temperature. e temperature-dependent and pressuredependent volumetric ion-interaction parameters are B υ M,X (m) and C υ M,X (m). e Pitzer ion-interaction parameters of the volumetric properties are expressed as functions F(i, p, T): Journal of Chemistry
with F(i, p, T) represented as
where T is the temperature in Kelvin, p is the pressure in MPa, and a i are the polynomial coefficients. All the thermodynamic and dielectric properties involved were calculated by the IAPWS-95 equation from Ref. [18] . On the basis of equations (5) to (7) , the single-salt parameters β (0)v M,X , β (1)v M,X , β (2)v M,X , and C v M,X for NaAsO 2 at each temperature were fitted and are listed in Table 5 . e temperature relation coefficients a i in equations (8) to (12) were fitted and are listed in Table 6 , and the fitted results of each single-salt parameter β (0)v M,X , β (1)v M,X , β (2)v M,X , and C v M,X of NaAsO 2 were in good agreement with the experimental values, which indicated that the Pitzer model we constructed is suitable to describe the volumetric properties of the binary 
Conclusion
e densities and apparent molar volumes of NaAsO 2 aqueous solution from 283.15 to 363.15 K at atmospheric pressure were obtained for the first time. Apparent molar volumes and thermal expansion coefficient were calculated, and the Pitzer single-salt parameters (β (0)υ M,X , β (1)υ M,X , β (2)υ M,X , and C υ M,X ) were parameterized from the Pitzer ion-interaction model. e temperature-dependent equation coefficients were obtained on account of the least-squares method. It is essential to study the thermodynamic properties, especially apparent molar volume, and construct a model of thermodynamic for solving environmental geochemical arsenic pollution.
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